Background: Accurate information regarding race, ethnicity, and national origins is critical for identifying disparities in the cancer burden.
nicity, and national origin is critical to the identification of disparities in the burden of cancer, particularly for studies that require oversampling of certain groups. Although all states in the United States now have cancer registries, rapid case ascertainment (RCA) is a commonly used method used by researchers to identify incident cancer cases for studies involving active patient contact soon after diagnosis. 1 Under RCA, central registry technicians regularly review pathology reports at hospitals, other medical facilities, and free-standing pathology laboratories where microscopic verification of cancer is recorded. These technicians then collect a copy of each pathology report describing a verified neoplasm and also review the patient's admission record to obtain demographic information, including race/ethnicity. Pathology reports and demographic information made available to approved researchers provides patient contact information more quickly than would occur through routine registry reporting. 1 These data, however, are usually not quality controlled as the medical record for these cancers are just being established. Admission records reviewed using RCA may also contain race/ethnicity information reflecting observations of health care workers, rather than patients' selfreported race-related information. 2, 3 Characteristics such as American Indian/Alaska Native race, Latino (or Hispanic) ethnicity, and Latino and Asian national origins are frequently missing or incorrect in medical records, which may hamper the identification and recruitment of cancer patients from these populations. 2, [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] A simple and economically feasible method to potentially improve the validity of race/ethnicity from RCA is the use of a Spanish surname list. 15 Data collected by cancer registries using routine reporting are typically subjected to additional data inputs that become apparent with time, as well as additional quality checks than those collected using RCA. With routine reporting, as compared with RCA, hospitals ascertain, abstract, and report all cancer cases diagnosed or treated at their facility. Hospitals collect data from many sources and these data are subjected to edits and then the reports are submitted electronically to the local central cancer registry where quality control is performed through a combination of automated and manual methods. Data gathering and quality assurance steps are likely to include edit checks across the multiple sources from which hospitals receive data inputs, and electronic submission to the local central cancer registries where quality control is performed using both automated and manual methods. In addition, routine reporting utilizes an algorithm that incorporates maiden and surname, race, sex, and place of birth to distinguish between Latino and non-Latino patients and improve the validity of race/ ethnicity information obtained from medical records. 2, [15] [16] [17] With these methods in place, studies have found a sensitivity of 69% and 79% for Latino patients diagnosed in Northern California from 1973 to 1990 and in 11 Surveillance, Epidemiology, and End Results (SEER) regions across the United States from 1973 to 2001, respectively. 5, 6 Although accurate information on race, ethnicity, and national origin facilitates the identification and inclusion of minorities in clinical research, a comprehensive evaluation of the accuracy of RCA-derived race/ethnicity used in conjunction with a Spanish surname list has not been conducted. However, several studies have concluded that race/ethnicity collected through medical records can be improved by using surname lists. One study of patients in Northern California diagnosed with cancer in 1990 found that the sensitivity of Latino ethnicity increased from 59% to 68% when ethnicity obtained from medical records was used in conjunction with surname. 2 In addition, the validity of registry-reported race, ethnicity, and origin is largely unknown for several minority populations and is necessary for accurate cancer statistics. 2, [4] [5] [6] 18 The only known study of Asian origin in cancer registries observed that accuracy varied greatly from 70% to 90% among Asian patients of Chinese, Japanese, Filipino, Vietnamese, and other origins diagnosed between 1973 and 1999 in Northern California. 5 The accuracy of data on Latino origin, including Mexicans, Cubans, Puerto Ricans, Dominicans, Central or South Americans, or other national or regional origins has not been comprehensively validated against self-reported origin. Consequently, reports of cancer statistics aggregated for multiple nations of origin within a specific race/ethnicity will mask important origin-specific differences, whereas origin-specific statistics may be inaccurate. [19] [20] [21] Both scenarios potentially impede efforts to identify and reduce health disparities. 22 In addition, 1 study of Latino cancer patients in Florida examined characteristics of Latinos who were misclassified as non-Latino. Pinheiro et al 23 found that Latinos of black race and women were more likely to be misclassified as non-Hispanic than other Latinos. Acculturation is the adoption of language, culture, beliefs, and behaviors of the dominant culture. 24, 25 Latinos born in the United States, 1 aspect of acculturation, were also more likely to be misclassified. 23 These results are consistent with numerous studies that have identified disparities in cancer rates, screening, and outcomes associated with one's level of acculturation and demonstrate the importance of examining acculturation when possible. 24, [26] [27] [28] [29] [30] [31] To assess the extent of misclassification of race, ethnicity, and origin for a diverse multiethnic population, we compared self-reported data collected from telephone interviews of 3954 California participants diagnosed between 2003 and 2005 in the Cancer Care Outcomes Research and Surveillance (CanCORS) Consortium 32,33 with (1) information collected through RCA using a Spanish surname list 15 and with (2) race, ethnicity, and national origin as reported in cancer registries. In both comparisons, self-reported information was used as the gold standard. In the comparison with registry records, we also identified sociodemographic characteristics associated with discordance between these sources of race/ethnicity data.
METHODS

Study Population
The CanCORS Consortium is a population-based study of 10,547 patients with incident lung or colorectal cancer from multiple regions of the United States. 32 This study's data collection methods have been previously described in detail. 34 Briefly, study participants at least 21 years of age with a histologically confirmed diagnosis in 2003-2005 were identified and interviewed. 34 A baseline telephone interview was conducted in English, Spanish, Mandarin, or Cantonese 4 to 7 months after the date of diagnosis with either the cancer patient or a surrogate (relative or household member) if the patient was deceased or too ill to complete the questionnaire. 34 During the interview, trained interviewers collected self-reported data on patient demographics, treatment, health history, and other characteristics. 34 Race and ethnicity are considered distinct by the US Office of Management and Budget. 35 Race includes 5 categories: white, black or African American, American Indian or Alaska Native, Asian, and Native Hawaiian or Other Pacific Islander. 35 Ethnicity includes 2 categories: Latino or non-Latino. 36 A person is Latino if they or their family originated from Mexico, Puerto Rico, Cuba, Spanish-speaking Central and South American countries, and other Spanish cultures 36 ; Latinos can be of any racial background. 36 Race/ethnicity was initially obtained using RCA and later assessed during the telephone interview. Following these guidelines, participants were asked theses questions regarding race, ethnicity, and national origin: (1) "Are you of Latino or Hispanic origin?"; (2) If yes, "which group best describes your Latino or Hispanic origin?" (Mexican, Puerto Rican, Cuban or Cuban American, or Other Latino); (3) "Would you describe yourself as Native Hawaiian, Other Pacific Islander, American Indian, Alaska Native, Asian, black, African American, or white? Or more than one of these?"; (4) If Asian, "[w]hat specific ethnic group are you?" (Chinese, Japanese, Filipino, Vietnamese, Cambodian, Korean, Indian, Pakistani, Other). The study protocol was approved by Institutional Review Boards at all participating research sites. 37 Among the 10,547 CanCORS participants, 4168 resided in California counties covered by the Los Angeles County Cancer Surveillance Program and selected counties in the Greater Bay Area Cancer Registry (including Alameda, Contra Costa, San Francisco, San Mateo, Santa Clara, and Monterey counties). Of these 4168 participants, 3954 (95%) were successfully linked with the central registries' racerelated data that were coded according to SEER guidelines. 38 For 2071 California patients for whom race-related information was not collected by the hospital, surname was used to assist in the identification of race/ethnicity.
Statistical Analysis
To optimize consistency with SEER guidelines for racial and ethnic categorization of cancer registry data, we grouped each participant into 1 of 6 mutually exclusive categories of self-reported race/ethnicity: white, black, Asian/Pacific Islander, American Indian/Alaska Native, Latino (regardless of race), or "other." 38 The "other" race category included non-Latino participants who: (1) identified >1 race, (2) did not answer the question on race, or (3) did not know their race, ethnicity, or origin.
We then calculated the sensitivity, specificity, positive predictive value, and percent agreement for race/ethnicity collected using RCA with and without the use of a Spanish surname list, 15 using self-reported information from Can-CORS as the reference or gold standard. We also calculated the sensitivity, specificity, positive predictive value, and percent agreement for race, ethnicity, and national origin collected by cancer registries from routine reporting, again using self-reported information from CanCORS interviews as the reference or gold standard. In addition, we identified factors associated with discordance using unconditional logistic regression to estimate odds ratios and 95% confidence intervals for each of the following predictor variables, controlling for the other variables in the list: interview type (self or surrogate), age, sex, education, race/ethnicity, English language use at home, cancer site, cancer registry region, and marital status. In this study, participants who spoke only English at home were assumed to be more acculturated than those who spoke a different language at home. Within categories of race/ethnicity assigned using routine registry reporting, patients who should have been included in a racial/ ethnic category (based on their self-report) but were excluded from that category in the registry are defined as underreported. For example, patients who stated in the interview that they were Latino but were not identified by routine reporting as Latino would be classified as having their ethnicity underreported. In contrast, within categories of self-reported race/ethnicity, patients who were included in a racial/ethnic category in the registry, but should have been excluded (based on their self-report), are defined as overreported. For example, patients who identified themselves as non-Latino, but were categorized as Latinos in the registry, would be classified as overreported among registry-reported Latinos.
We used logistic regression to identify predictors of: (1) underreporting in the registry of self-reported race/ethnicity, and (2) overreporting of a race/ethnicity in the registry different from a patient's self-reported race/ethnicity. Statistical analyses were conducted using SAS version 9.0 statistical software. 14 
RESULTS
The distributions of self-reported sociodemographic characteristics and registry-recorded type of cancer of the 3954 interviewed participants are listed in Table 1 . Approximately half of the study participants were 70 years of age or over, male, diagnosed with lung cancer, had more than a high school education, and were married. Almost 65% exclusively spoke English at home and over 70% answered the questionnaire themselves. Most participants reported white race/ ethnicity (58%), followed by Latino, Asian/Pacific Islander, black, and American Indian/Alaska Native, respectively, whereas 5% did not report race, ethnicity, or origin or were coded as "other" race. The largest proportion of Asian/Pacific Islander participants were of Chinese origin (38%) and most self-reported Latinos were of Mexican origin (62%).
Using self-reported race/ethnicity as the reference or gold standard, RCA supplemented with a Spanish surname list increased sensitivity of recorded Latino ethnicity from 37% to 83% and decreased specificity from 98% to 95% (Table 2 ). Agreement increased from 89% to 94% for Latinos and from 78% to 82% for whites. For "other" race, specificity increased from 86% to 88%. In contrast, using the Spanish surname list did not seem to change the sensitivity and specificity of the identification of blacks or Asian/Pacific Islander. American Indian/Alaska Native race was not included in the analysis due to small sample size.
Measures of agreement for race, ethnicity, and national origin data collected using routine reporting compared with self-reported information indicate that specificity in each racial/ethnic group ranged from 86% to 100%, whereas sensitivity varied from Z95% for whites, blacks, and Asians Total  2272  381  611  27  469  376  15  17  73  93  180  54  100  12  111  Race/ethnicity  White  2170  14  61  16  19  31  3  1  3  18  2  5  5  0  7  Black  10  366  8  3  2  0  2  0  1  1  1  1  0  0  0  Latino  70  0  528  6  2  343  10 1  0  3  0  73  0  0  0  0  2  20  5  7  2  37  Validity measures  Sensitivity*  96  96  86  7  95  41  40  76  18  42  84  77  85  58  33  Specificity*  86  99  97  100  98  99  100  100  99  92  99  100  99  100  99  PPV  90  90  84  100  89  87  67  93  60  11  78  81  60  32  45 to 86% for Latinos and 7% for American Indian/Alaska Native (Table 3 ). Among subgroups of Asian/Pacific Islander national origin, sensitivity ranged from Z84% for Chinese and Filipinos to 33% for "other" Asians. Among subgroups of Latin national origin, sensitivity ranged from 76% for Cubans to 18% for Central and South Americans. Self-reported and routinely recorded race/ethnicity was discordant in 11% of the 3954 participants (Table 4 ). Selfreported Latinos, Asian/Pacific Islanders, and women were more likely to have their race/ethnicity misclassified in cancer registry records. Overall, participants who spoke a language other than English were less likely to be misclassified. We adjusted for geographic location in the models, but there were no meaningful differences. A separate model (not shown) indicated significant interaction between race/ethnicity and language, therefore the analysis was stratified by race/ethnicity.
Odds ratios for the underreporting and overreporting of race/ethnicity in the registry are listed in Table 5 . Of the 4 racial/ethnic groups, underreporting was most common among self-identified Latinos (14%). Underreporting among self-identified non-Hispanic whites was more likely among females, adults with less than a high-school education, and speakers of a language other than English. In contrast, among self-identified Latinos, underreporting was less likely if a surrogate completed the interview. Females and English speakers were more likely to be underreported among selfidentified Asian/Pacific Islanders. Among self-identified non-Latinos, 16% were misclassified or overreported as Latino in the registry; this proportion was 10% for selfreported nonwhites, nonblacks, and non-Asian/Pacific Islanders. Misclassification as white among nonwhites was more likely among younger adults, females, adults with less than a high-school education, and non-English speakers, whereas self-reported nonblacks who were non-English speakers were more likely to be misclassified as black. Among self-identified non-Latinos, misclassification was more likely to occur among older adults, females, and English speakers. Again we adjusted for geographic location in the models, but there were no meaningful differences.
DISCUSSION
This study found that using a Spanish surname list with RCA enhanced the identification of eligible Latino patients for health studies. Furthermore, agreement of race/ethnicity between self-report and cancer registry records was generally good, but was quite low for some Asian/Pacific Islander and Latino origins and, especially, for American Indian/Alaska Native race. In addition, women were more likely to have their self-reported race/ethnicity misclassified in registry data and the impact of English language use on misclassification differed by group.
An increased sensitivity of RCA when using a Spanish surname list is consistent with similar studies. 2,5,6 However, our observed sensitivity of 86% for Latino ethnicity was higher than previously reported. 5, 6 This is likely because this study uses data from a more recent time period during which the health community has placed more emphasis on culturally and linguistically appropriate care.
Regarding cancer registries, misclassification varied by race, ethnicity, and origin. The results for Asian origins from our study differed from previous research by Gomez and Glaser, 5 likely reflecting small sample sizes for some groups, changes in the collection of race/ethnicity information over time, and regional variation in study populations.
Furthermore, acculturated self-reported Asian/Pacific Islanders were more likely to be classified as a different race/ ethnicity in the cancer registry. As a result, cancers common among less acculturated Asian/Pacific Islanders may seem to be higher than they actually are, whereas rates of cancers common among acculturated Asian/Pacific Islanders may seem to be lower.
Misclassification of ethnicity among Latinos has been previously highlighted and may reflect uncertainty regarding the difference between race and ethnicity. 2, 39 In this case, self-reported Latinos were more likely reported as a different race/ethnicity if they were older or had more education. In contrast, Pinheiro et al 23 found that younger Latinos were more likely to be misclassified as non-Latino. These differences perhaps exist because the predominant Latino Discordance between race/ethnicity in routinely recorded cancer registry data and self-report. z Multivariable analysis with mutual adjustment of all listed variables. Registry region was controlled for in the analysis and results not shown.
y Participants who only spoke English at home were classified as speaking English. Participants who spoke any other language at home or answered their questionnaire in Spanish or Cantonese were classified as speaking a language other than English. 8 Odd rations for AI/AN and multiple race/"other"/unknown not presented due to unstable estimates.
AI/AN indicates American Indian/Alaskan Native; Asian/PI, Asian/Pacific Islander; CI, confidence interval; GED, general educational development; OR, odds ratio. population in Florida and patterns of migration differs drastically from those found in California. Similar to our results, others have found that Latinos of higher socioeconomic status, which includes education, are more likely to be misclassified as non-Latino. 40 Both age and education may be capturing nuances missed when English language alone is used as the proxy for acculturation. It is possible that older and more educated Latinos are more acculturated and, therefore, their Latino ethnicity is less obvious to health providers. Interestingly, we found that non-Latinos with higher levels of education were not more likely misclassified as Latino, indicating that participants with higher levels of education were more likely to be excluded from Latino cancer statistics. As a result, cancers associated with higher SES, such as breast cancer, may seem to be artificially low for Latinos. We have identified 2 possible explanations for the misclassification of self-reported Asian/Pacific Islanders in the registry, most of who were classified as white. Participants of mixed white and Asian/Pacific Islander racial backgrounds may be more likely to self-identify as Asian/ Pacific Islander than as white. It may also be possible that when an interpreter is not required, hospital staff may be inclined to identify nonblack English-speakers as white.
This study is the first to comprehensively validate Mexican, Puerto Rican, Cuban, Central American, South American, and "other" Latino origins in cancer registry data. This study examined only 2 types of cancer and only included residents from 2 regional registries in California and thus may not be generalizable to other cancer types or cancer patients in other parts of California or other states. However, lung and colorectal cancers make up over 20% of all cancer cases in California and the regions in this study include approximately 45% of all cancer patients in the state. 41 Although we could not link 5% of study participants identified through RCA with routinely recorded registry data, we expect a minimal impact on the results of the study. 5 In considering enhanced race/ethnicity data collection methods, costs need to be considered in relation to the magnitude of gains in observed accuracy. The low cost of using the surname list in relation to its observed gains in accuracy is sizeable. Alternative strategies for improving the accuracy of race/ethnicity rely upon implementing new systems to facilitate self-report of race/ethnicity at the point of care. Gains from this latter approach are likely to be widespread, and notably are expected to benefit all racial and ethnic groups. However, costs associated with this transition are substantial, especially in today's system when most health care settings do not use electronic health records that allow patient to self-report. With time, as health care systems become more technologically advanced and interoperable, it is likely that the cost-benefit ratio for supporting self-report of race/ethnicity will become favorable. However, for now, the use of surname lists remains a low-cost strategy for enhancing gains in accuracy.
These findings provide valuable information for investigators using RCA and registry data to study cancer-related disparities. It also underscores the Institute of Medicine's case regarding the importance of standardizing the collection of race and ethnicity data for improving the quality of care and reducing health disparities for a variety of heath conditions. 22 Our findings demonstrate the need for more consistent policies and approaches for hospitals and other health care providers to collect self-reported data on race, ethnicity, and origin, so these 
